. problems of i n n e r s h e l l s , . occupatiotl numbers, d i s t o r s i o n s and momentum d i s t r i b u t i o n s -high r e s o l u t i o n (e,e'p) experiments of nuclei ['] , a number of review a r t i c l e s have been -p,px s c a t t e r i n g o n l i g h t n u c l e i publishedZ21 13] ; s o my aim i s not t o reach comple--forward knock-aut of x f r a m n t teness, but r a t h e r t o discuss some s p e c i f i c problems i n t h e l i g h t of the most recent experiments.
-recent (p, pa) experiments.
I n quasi-free s c a t t e r i n g , a nucleon, or a nuclear fragment c o n s i s t i n g of two o r more nucleons which we s h a l l c a l l x, having an i n i t i a l -, m n t m q , is knocked-out of the t a r g e t nucleus under kinematic conditions c l o s e t o t h e correspondin8 f r e e s c a t t e r i n g ; the i n c i d e n t p r o j e c t i l e can be A nucleon, an e l e c t r o n , o r anything e l s e , f o r instance an a -p a r t i c l e o r a pion, Deviation from f r e e s c a t t e r i n g w i l l give i n f o m a t i o n on t h e react i o n mechanism and the s t r u c t u r e of t h e nucleus.
Xn experiments above 100 W V t h e quasif r e e s c a t t e r i n g process can be i d e n t i f i e d r a t h e r e a s i l y and separated from o t h e r r e a c t i o n mechanisms.
Let me however mention t h a t i n recent years i n t e r e st i n g extensions of these s t u d i e s towards lower energ i e s have been achieved -both t h e o r e t i c a l l y and experimentally ; but t h i s f a l l s outside t h e scope of t h i s conference. Also, quasi-free s c a t t e r i n g on n u c l e i of A 4 forms a s p e c i a l t o p i c which w i l l not he discussed i n t h i s t a l k .
This t a l k w i l l deal wit11 t h e following p o i n t s :
TL -KZmmTIGAI, CONDITIONS ANI) I m t S E APPROXTMATION -kinematical conditions and impulse approxi-I n quasi-free s c a t t e r i n g t h e conserration mation, of energy and momentm can be w r i t t e n :
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1972511
s h e l l s c a t t e r i n g : t h i s should not be too s e r i o u s where Eo i s t h e separation energy of t h e knocked-out proton o r fragment x (denoted by t h e index 2) ;
R denotes t h e r e c o i l nucleus. The n o t a t i o n s a r e g iven on Figure 1 .
Figure I -Quasi-free kinematics and n o t a t i o n s
The i n t e r e s t i n g information i s contained i n t h e energy s p e c t r a of ES, sometimes c a l l e d sununed energy spectra, and i n the angular c o r r e l a t i o n s .
I n plane wave impulse approximation ( P~A ) , we have:
There a r e 3 outgoing p a r t i c l e s , which means 9 var i a b l e s but momentum conservation reduces t h i s numb e r t o 6. I n PWIA t h e c r o s s s e c t i o n w i l l beE2] :
where K i s a term containing various constants and kinematical f a c t o r s , Ian(;) l2 i s t h e momentum d i st r i b u t i o n of t h e knocked-out proton o r fragment i n t h e i n i t i a l nucleus ; n a r e a l l relevant quantum
numbers. ( d~/ d Q )~~,~ i s t h e corresponding f r e e s e a tt e r i n g cross-section of t h e p r o j e c t i l e by t h e proton
o r fragment with t h e usual ambiguity of impulse approximation f o r proceeding from o f f -s h e l l t o onf o r (p,2p) reactions, because i n our energy range ( d c~/ d Q )~~ free i s almost energy and angle independent ; it can be more d i f f i c u l t f o r (e,e1p) o r (p,px) reactions.
I f we r e s t r i c t ourselves t o the coplanar case, t h e measured c r o s s s e c t i o n w i l l be d 4 c / d~l d 4 d~2 d n 2 which we can p l o t a s a s e r i e s of summed energy spectra. I f we f u r t h e r i n t e g r a t e i n energy over t h e width of a s p e c i f i c f i n a l s t a t e of t h e r e c o i l nucleus, o r over a given energy i n t e r v a l of t h e s e p a r a t i o n energy spectrum, we can w r i t e :
d~~d n~d E f r e e n where we can consider Sn a s a spectroscopic f a c t o r o r square of a f r a c t i o n a l parentage ~o e f f i c i e n t~~~[~ I f no d i s t o r s i o n would occur we would be a b l e t o ext r a c t S d i r e c t l y from t h e measured cross-section by n performing t h e i n t e g r a l over t h e momentum d i s t r i b ut i o n :
I n p r a c t i c e t h e r e i s d i s t o r s i o n , and we are measuring a d i s t o r t e d momentum d i s t r i b u t i o n . I n a coplanar coincidence experiment, f o r a given f3naL s t a t e ( o r energy i n t e r v a l ) , one w i l l s e l e c t some ranges around s p e c i f i c values of two of the t h r e e remaining v a r i a b l e s and display t h e d i f f e r e n t i a l cross s e c t i o n versus t h e t h i r d v a r i a b l e : t h i s w i l l be, i n general, an angular c o r r e l a t i o n o r a r e c o i l momenta d i s t r i - c e n t r a l value q = O is very c h a r a c t e r i s t i c i n quasi- Figure 3a f r e e s c a t t e r i n g : t h e cross-section i s maximum f o r an o r b i t a l momentum f = O of t h e knocked-out proton Black p o i n t s : a t tlie maximum of t h e l p peak ; open p o i n t s : a t t h e maximum of t h e Is peak ; squares (dashed curve) : i n t h e intermediate region.
I n recent (p,2p) experiments 16] 17], aimed a t t h e study of t h e inner s h e l l s , i t has been found One may a l s o ask about +:,e de-excitation mode of these 1s h o l e s t a t e s . should t h e r e e x i s t a kind of nuclear Auger e f f e c t diving r i s e t o t h e emission of low energy protons or neutrons accompahave a l a r g e width corresponding t o t h e widths of t h e I s and upper s t a t e s .
Apart from t h e n a t u r a l extension of t h e Is peak, t h e r e e x i s t s a continuous background spectrum corresponding t o 4 o r more bodies i n t h e f i n a l s t a t e . The authors of t h e CERN experiment explain t h a t t h i s continuous spectrum i s very d i f f i c u l t t o e v a l u a t e : i n some cases i t may be a s i z e a b l e f r a ct i o n of t h e i n r e n s i t y of t h e Is peak i n t h e same energy range, It is c l e a r t h a t when a p a r t of t h i s continuum e x h i b i t s the same angular c o r r e l a t i o n a s t h e Is peak, its contribution must be added t o t h e Is strength. But t h e r e i s a component which does not have tlie same angular c o r r e l a t i o n .
I n high energy t r a n s f e r r e a c t i o n s leading 3 t o neutron hole s t a t e s , such a s !p,d) and ( He,a)
reactions, i t i s m u c h m o r -e d i f f i c u l t t o s e e Is peaks :
I s neutron pick up has been observed on "C with a very low i n t e n s i t y . The corresponding peaks a r e superposed on a considerable continuous spectrum.
However i n such t r a n s f e r r e a c t i o n s t h e momenta q involved a r e r a t h e r large, and the absorptione s p e c i a l l y f o r i n n e r s h e l l s -should be more import a n t than f o r (p,2p) reactions.
Recently, D.S. KoltunrlZ1 has formulated
2 sum r u l e which should obviate some of t h e d i f f i c u lt i e s ettcountered i n t h e s e p a r a t i o n of t h e quasi-free peaks corresponding t o the various s h e l l s and t h e continuum. I n expression (2) of t h e c r o s s s e c t i o n we can, i n s t e a d of : w r i t e i n a general way
D.S. Koltun then shows t h a t -i f t h e r e would be no d i s t o r s i o n , o r i f t h e d i s t o r s i o n could be s i x p l y re-
presented by an o v e r a l l c r o s s -s e c t i o n reduction slowt l y varying i n q and ES -the i n t e g r a l i s d i r e c t l y r e l a t e d with the t o t a l binding energy and the k i n e t i c energy of the t a r g e t nucleus. I n such a sum-rule one has t o take i n t o account the high ES and high q c o n t r i b u t i o n s including background. This allows an i n t e r e s t i n g comparison. But do a l l d i s t o r s i o n s behave i n the way which i s assu-AW med here ?
Let us come back t o t h e p a r t of t h e continuum under the Is peak which does not have an ang u l a r c o r r e l a t i o n of t h e Is shape. Should we consider t h i s component a s being nevertheless a p a r t o f t h e quasi-free (p,2p) s c a t t e r i n g , o r should we take i t a s due t o o t h e r r e a c t i o n s ? Let u s consider, f o r instance, t h e case of Figure 4 where we have a quasif r e e s c a t t e r i n g (p,2p o r p,pn) on an o u t e r s h e l l nucleon, followed by a second s c a t t e r i n g i n s i d e t h e F i w r e 4 -nucleus ; t h i s r e s u l t s i n (p,2pn) o r (p,3p) reac-
t i o n with t h e t h i r d nucleon assumed t o have a lower
energy. TABZB I I f we look a t t h e summed energy spectrum of the two e n e r g e t i c protons i n coincidence, such an event w i l l appear a t a seemingly high separation energy : we can thus f i n d i n t h e background under t h e 1s peak a primary 1p o r 2 s l d s h e l l knock-out event. Perhaps such an e f f e c t could give some explanation f o r t h e i n c o n s i s t e n c i e s found i n t h e CERN experiment between t h e s h e l l model predictions and the proton occupation numbers Nnp and absorption f a c t o r s . The numbers gfven above i n Table I -i l l u s t r a t i n g these inconsist e n c i e s -a r e e x t r a c t e d from reference [7] .
The DWIA parafneters giving t h e b e t t e r f i t s f o r t h e Is momentum d i s t r i b u t i o n a r e giving t h e h i g h e r
occupation numbers f o r t h e 1s s h e l l s of 2 8~i and 4 0~a (see Figure 5 ). These occupation numbers a r e The b e t t e r f i t corresponds t o t h e higher occupation numbers i n Table I .
unrealistic, and it seems difficult to admit that include the effects of long range correlations, that the nuclear absorption should be about the same for is the proper configuration mixing as given the 1s shell and the outer shells. An explanation by other types of experiments. can be found in an overestimate of the intensity of the Is peaks. This problem of the true amount of inner shell proton knock-out should be cleared up quantitatively in future experiments.
Another interesting result of the CERN experiment is that, for certain n,e values of the knocked-out proton, the cross-section is dependent on the angle BR of the recoil nucleus. This effect can be seen for the 2s shell of 28~i on The distorsion effects we have discussed should be much smaller when only one strongly interactina particle is involved in quasi-free scattering. This is achieved in (e,elp) experiments.
This year a high resolution (e,e'p) experiment has been performed by J. Mougey et a1 (contribution 111.5 to this conferencer16') at the new linear electron accelerator of Saclay. The incident electron energy was 500 MeV and the duty cycle at this energy is 1% allowing coincidence axperiments.
The measurements were performed with two magnetic spectrometerd followed by multiwire proportional Fin.7d -Is momentum distribution for 12c.
Fi~.8a -2s momentum distribution for 'Oca EiR.8c -Separation energy spectrum for 40~a for the momentum interval favouring 1s knock-out.
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t o 70 MeV separation energy. So f a r one cannot say *f t h e r e i s a s t r u c t u r e i n t h e Is peaks of "C and 4 0~a because of t h e s t a t i s t i c a l u n c e r t a i n t i e s which a r e l a r g e r f o r t h e higher s e p a r a t i o n energies. Rad i a t i v e c o r r e c t i o n s have been substracted i n these spectra. The measured momentum d i s t r i b u t i o n s of l2e e x h i b i t the c h a r a c t e r i s t i c l p and Is shape. Figure   8 shows some of t h e r e s u l t s obtained f o r 40 Ca ( e y e 'p) 3 9~. The energy r e s o l u t i o n s allows t h e separation of the dgI2, 2s and d peaks (one car 51 2 s e e t h e s p l i t t i n g of the dgI2 peak).
HISSING ENERGY 8MEVI

Figure 8c
The l p peak appears around 30 MeV, and t h e 1s peak extends from about 40 t o 80 MeV with a m a x i m near 50MeV s e p a r a t i o n energy. One d i s t i n g u i s h e s t h e s e cond maximum i n t h e 2s momentum d i s t r i b u t i o n , which h a s not been observed i n (p,2p) experiments probably because. of t h e l a r g e r d i s t o r s i o n s and t h e lower energy resolution. There might b e some P + O component i n t h e Is d i s t r i b u t i o n . The r e l a t i v e i n t e n s i t i e s have not y e t been computed.
Further (e, e 'p) experiments a r e c u r r e n t l y being prepared a t Saclay, with improved s t a t i s t i c s .
Many experiments of t h e (p,px) type have been performed on 6~i , 7~i and '~e . This i s because t h e cross-sections f o r these l i g h t n u c l e i a r e s i z e able, and a l s o because they have a marked c l u s t e r s t r u c t u r e : the corresponding parentages a r e import a n t and a c l u s t e r model -with the proper antisymmetrization -is very p r a c t i c a l f o r the d e s c r i p t i o n i n t h i s case. Quasi-free s c a t t e r i n g on these t h r e e nuclei has been used t o a s c e r t a i n and t e s t the react i o n mechanism and t o o b t a i n more information on the nuclear s t r u c t u r e .
One i s a b l e t o knock-out d i f f e r e n t non complementary fragments from the same nucleus, but one should keep i n mind t h a t one cannot j u s t add together the various a l t e r n a t e c l u s t e r configurations of a given nucleus : t h e s e configurations a r e usually n o t orthogonal. For instance it i s q u i t e coherent t o say t h a t can have a 100% parentage with t h e configuration (n + d / and a parentage of 50% with (t + 3~e / 'I7' : these configurations have components on each other.
(p,px) quasi-f r e e r e a c t i o n s have the same QUASI-FREE SCATTERING ...
type of c h a r a c t e r i s t i c angular c o r r e l a t i o n s e s (p,2p) o r (e,e'p) reactions. A t y p i c a l example of a L # O c o r r e l a t i o n can be seen on Figure 9 which shows t h e r e s u l t s obtained a t Orsay a t 156 MeV on the 4 7~i ( p , p t ) Hc r e a c t i o n f181,
The c l u s t e r coming o u t of the nucleus i s not n e c e s s a r i l y t h e same a s t h e i n i t i a l group of nucleons i n s i d e t h e nucleus which underwent t h e i n t e r -
a c t i o n with the incoming proton : V. Balashov e t a l . r4y201 have shown t h a t i n a (p,pd) reaction, f o r instance, we can have a knock-out on a pn p a i r i n ic i a l l y i n a s i n g l e t s t a t e i n s i d e t h e nucleus ; t h e i n t e r a c t i o n can give r j s e to aspin-flipwitha result i n g t r i p l e t s t a t e deuteron i n the e x i t channel.
The i n t e n s i t y of t h i s mechanism a t high energies
should be smaller than t h a t of non s p i n -f l i p but i t should be possible t o observe i t on those n u c l e i where t h e corresponding aT = 0 and AT = 1 t r a n s i t i o n s would give r i s e t o f i n a l s t a t e s with suff i c i e n t s e p a r a t i o n i n energy. For such a process one has t o replace i n exprcssions(2) and (3) t h e e l a s t i c 
VII -RECENT (p,pcr) EmRXMENTS V I -FRAWNT SPECTRA A T 670 MeV When t h e incident energy g e t s higher new processes appear. This can be seen t y p i c a l l y i n t h e experirrxnt performed a t Dubna with 670 MeV protons['''.
Deuterons were observed a t a small forward angle. Three peaks appear i n t h e deuteron spectrum f o r R carbon t a r g e t (see Figure 10 ). The one appear i n g a t the highest momentum corresponds t o a quasi- 
f r e e s c a t t e r i n g on a two nucleon c l u s t e r i n s i d e t h e t a r g e t nucleus :in t h i s case t h e corresporrding f r e e s c a t t e r i n g (deuteron forwards, s c a t t e r e d proton backwards) i s i n t h e pick-up (exchange) region. The two o t h e r peaks a t lower deuteron momentum a r i s e from
(p,pa) q u a s i -f r e e s c a t t e r i n g experiments should give i n t e r e s t i c g information on the parentage
o f the -pc.rticle p l u s t h e r e c o i l nucleus tyith t h e t a rg e t nucleus. W e have r e c e n t l y performed such an experiment a t Orsay, a t 156 ?4eV,on s e v e r a l nuclei heavier than oxygen (contribution 111.3 t o t h i s conferencef221). The t a r g e t s studied were t h e eveneven nuclei 24Mg, 2 8~i , 4 0~a , l4' Ce and 2J2Th, p l u s t h e reference t a r g e t 6~i . The aim of t h i s experiment was t o g e t a t f i r s t an idea of the general trends of (p,pa) cross-sections a c r o s s t h e periodic table. The protons * e r e analysed with a magnetic spectrometer ;
t h e i r angle and energy were fixed ( 6 = 60' f o r a l l P targets), The a p a r t i c l e s were analysed with A E -2
s o l i d s t a t e S i d e t e c t o r telescopes. T'ne summad
energy r e s o l u t i o n was about 2.5 MeV.
Some of t h e f i r s t r e s u l t s obtained a r e
shown on Figures 11. The energy s p e c t r a were measured a t a n g l e s 0 corresponding t o an i n i t i a l a part i c l e momentum of q = O and t o q a 91 MeV/c f o r a ground s t a t e e x c i t a t i o n of t h e r e c o i l nucleus, A l l cross-sections a r e much smaller (about two o r d e r s of magnitude f o r t h e sd s h e l l nuclei) than 4 f o r t h e reference 'Li(p,pa) He reaction. This exp l a i n s the poor s t a t i s t i c s . For t h e t h r e e sd shellt a r g e t s t h e r e is a t q = O a peak i n t h e r e c o i l 
t a n t L = O c o n t r i b u t i o n f o r t h e i n i t i a l o r b i t a l momentum of t h e f o u r nucleons e x c i t a t i o n energy spectrum corresponding t o t h e forming t h e a p a r t i c l e , Table I d shows t h e correspanground s t a t e r e g i o n of t h e r e s i d u a l nucleus. The d i n g c~o s s -s e c t i o n s f o r t h e r e s i d u a l nucleus ground s t a t e region.
TABLE I1
-1 -2
C r o s s -s e c t i o n s o f t h e (p,pa) r e a c t i o n a t 156 MeV i n wb.MeV .sr (Ground s t a t e and low l y i n g s t a t e s o f t h e r e c o i l nucleus)
The c r o s s -s e c t i o n f o r t h e 2 8~i t a r g e t 24 f i c i e n t l i n k i n g 2 8~i (g.s.) and Mg (g.s. + lower a p p e a r s t o b e about 3 times s m a l l e r than t h a t f o r s t a t e s ) p l u s a n a p a r t i c l e i s s m a l l e r . Higher s t a t e s 2 4~g o r 4 0~a : t h i s i m p l i e s t h a t t h e p a r e n t a g e coefo f t h e r e s i d u a l n u c l e i seem a l s o t o be e x c i t e d . -------------
-------------2.9 + 0.8 1.2 + 0.5 a p a r e n t a g e s f o r (p,pa) r e a c t i o n s have been calcut h e Maryland and t h e I n d i a n a machines, f u t u r e expel a t e d by V. Balashov and I. otter'^] f o r l p s h e l l riments a t Los Alamos and o t h e r p i o n " f a c t o r i e s " . t a r g e t n u c l e i ; i t would be v e r y u s e f u l t o compute Other p r o j e c t i l e s can be used, such as a p a r t i c l e s , t h e s e p a r e n t a g e s f o r t h e h i g h e r s h e l l s .
The o b s e r v a t i o n a l l i m i t g e t s poorer f o r a h i g h e r A o f t h e t a r g e t n u c l e i . No e x c e p t i o n a l l y l a rge (p,pa) c r o s s -s e c t i o n s do appear f o r 140ce and 232Th : t h e p r e s e n t evidence f o r t h e v a r i a t i o n of t h e c r o s s -s e c t i o n f o r u knock-out between 4 0~a , I4OCe and 232Th i s s t i l l compatible w i t h a n A 2/3 (surface)dependence. F u r t h e r experiments w i t h b e t t e r s t a t i s t i c s a r e now being prepared.
Apart from t h e c o n t i n u a t i o n of t h e e x p e r iments which were d e s c r i b e d here, new q u a s i -f r e e s c a tt e r i n g experiments a r e c u r r e n t l y being prepared a t s e v e r a l a c c e l e r a t o r s : ( e , e l d ) and ( e , e l u ) on 'Li a t t h e S a c l a y l i n e a r a c c e l e r a t o r , (p,pa) a t Saturne, (p,2p), (p,pn) and o t h e r q u a s i -f r e e r e a c t i o n s a t o r p i o n s : we have a p o s t -d e a d l i n e c o n t r i b u t i o n
( 1 1 1 . 6 b i s~~~~) on (x,xlp) r e a c t i o n s a t 1 G~V from Dubna .
It i s c l e a r t h a t b e t t e r energy r e s o l u t i o n is v e r y d e s i r a b l e . A comparison of t h e same q u a s if r e e r e a c t i o n on t h e same nucleus a t d i f f e r e n t e n e rg i e s and t h e comparison of d i f f e r e n t q u a s i -f r e e r e a c t i o n s (i.e. : p,2p and e , e ' p ) on t h e same nuc l e u s a r e v e r y important : they w i l l provide a check of o u r understanding of t h c r e a c t i o n mechanism and t h e n u c l e a r s t r u c t u r e involved.
Many problems concerning t h e knock-out from i n n e r s h e l l s a r e s t i l l open. It would be v e r y i n t e r e s t i n g t o be a b l e t o observe t h e p o s s i b l e knocko u t o f an x c l u s t e r ( e s p e c i a l l y of a n a p a r t i c l e ) from a n i n n e r s h e l l . Perhaps, we s h a l l be a b l e t o s e e a l s o t h e q u a s i -f r e e knock-out of h e a v i e r fragments, such a s 12C o r 160, from h e a v i e r t a r g e t n u c l e i ? 
s o s t a t e t h a t t h i s i s a v e r y s m a l l c r o s s -s e c t i o n compared t o what
you would e x p e c t i f t h e n u c l e u s h a s a p p r e c i ab l e a p a r t i c l e c l u s t e r i n g . Is i t r e a l l y t r u e ?
i . e . do d e t a i l e d c a l c u l a t i o n s i n d i c a t e i t is t r u e , t h a t t h e c r o s s s e c t i o n i s s m a l l compared w i t h what one e x p e c t s e v e n i f t h e r e i s l a r g e c l u s t e r i n g a c t u a l l y e x i s t i n g ? P. RADVANYI (Orsay)
I o n l y s t a t e d t h a t we h a v e s e e n some ( p , p a ) on thorium, b u t o u r p r e s e n t s t a t i s t i c a l u n c e r t a i nties a r e s u c h t h a t we a r e a b l e o n l y t o g i v e a n -1 -2 u p p e r l i m i t o f 14.7pb &V s r f o r t h e i n t eg r a t e d c r o s s s e c t i o n a t q =O. I f we compare 40 t h i s w i t h o u r r e s u l t f o r (p,pa) on Ca, i t i s n o t i n c o m p a t i b l e w i t h a n v a r i a t i o n o f t h e c r o s s s e c t i o n , t h a t i s a s u r f a c e r e a c t i o n . We c a n n o t s a y more w i t h o u r p r e s e n t e x p e r i m e n t a l knowledge. One s h o u l d t h e n compare w i t h a. c l u st e r i n g p a r e n t a g e c o e f f i c i e n t s c a l c u l a t i o n s .
65-153
R. STO€R W r b u r g ) 3 s c a t t e r i n g c r o s s s e c t i o n , while t h e d(u, Hed)n I have a question about t h e overestimate of t h e 1 s -s h e l l occupation numbers by t h e (p,2p) r e a c t i o n a s analyzed i n impulse approximtion. You quote t h e possible e x i t channel processes a s responsible f o r t h e e x t r a c r o s s section.
But 1 wonder whether they could account f o r t h e f a c t o r s of 10 t o 100 i n t h e overestimate. f s i t possible t h a t t h e impulse a p p r o x i m t i o n DWI3A i s inappropriate a l t o g e t h e r t o t h e pick up from t h e inner s h e l l s (from t h e f a r nuclear i n t e r i o r ) ? P. RADVA;frlYf {Orsap) One has f i r s t t o s e e experimentally and theor e t i c a l l y what amount of the c r o s s s e c t i o n may be due t o t h e o t h e r e x i t channel processes I discussed, then t o c a l c u l a t e t h e e f f e c t o f t h i s overestimate on t h e values of t h e occupation ntmbers c a l c u l a t e d i n DWTA, and only then -i f t h i s should not be a s u f f i c i e n t explanationquestion t h e a p p l i c a t i o n of DWXA t o t h e inner s h e l l s . I have been t o l d l a s t n i g h t t h a t recent c a l c u l a t i o n s r e l e v a n t t o th9s problem have been repcrted by Austern and P i t t e l a t t h e l a s t meeting of t h e A.P.S. i n Washington.
H.G. PUGB (&ryland)
f would l i k e t o mention a new kind of nuclear reaction, which has been observed experimentall y a t t h e University of P4aryland. ?& c a l l i t a "quasi-free reaction" a s opposed t o "quasif r e e scattering*'. It i s possible when a complex p r o j e c t i l e is used o r when a complex p a r t i c l e within the nucleus i s struck.
Z t i s not necessary t h a t t h e i n c i d e n t p a r t i c l e
should s c a t t e r from t h e p a r t i c l e i n s i d e t h e nucleus. The two p a r t i c l e s may and emerge a s two d i f f e r e n t p a r t i c l e s . The i n t e r a c t i o n may s t i l l be quasi-free. W e have observed "quasif r e e reactions" a t t h e University of &ryland i n t h e bombardment of deuterium with 140 NeV showing t h a t , i n (e, e ' p ) , t h e d i s t o r t i o n s a r e not s o big t o destroy t h e d i r e c t i n t e r a c t i o n behaviorir of the r e a c t i o n and t h a t t h e quasif r e e s c a t t e r i n g , even a t t h i s high missing energy, occurs.
J. LEKSIN (Moscow)
The very s e n s i t i v e c r i t e r i o n of t h e r e a c t i o n mechanism is t h e d 
t r u e t h s t t h e s e e s t i m a t e s have t o depend
c r i t i c a l l y on t h e i n t e r n a l s t r u c t u r e of these c l u s t e r s i n s i d e the t a r g e t nucleus and t h a t one knows indeed very l i t t l e i n t h i s r e s p e c t ?
P. RADVAMI ( 
R. STOCK (Marburg)
You have shown i n t h e (p,pa) data t h a t t h e r e seems t o be no impressive evidence f o r c l u s t e r knock-out. However, an a-"cluster" i n 4 0~a
should not occupy a 5s o r 7s s t a t e but r a t h e r one with high i n t r i n s i c angular momentum coupled t o a high s p i n core configuration. It i s not c l e a r t o me t h a t t h e kinematical conditfons chosen i n t h e experiments (low momentum transf e r ) make i t possible t o obsenre euch c l u s t e r configurations,
P. RADVANYI (Orsay)
The c r o s s s e c t i o n of (p,pa) on n u c l e i heavier 6 than L i i s small i n the present experiment :
our f i r s t measurements were indeed aimed a t the lower momentum region f o r t h e t r a n s i t i o n s leading t o the r e s i d u a l ground s t a t e region But t h i s experiment is now continuing.
C. TZARA (Saclay) There is a q u a l i t a t i v e d i f f e r e n c e between (ee ',p) r e a c t i o n s and, say (p,2p) which i s a t present masked by t h e approximations used t o i n t e r p r e t these processes. (e,elp) r e a c t i o n s a r e i n e l a s t i c e l e c t r o n s c a t t e r i n g processes where t h e t a r g e t nucleus A i s l e f t i n an e x c i t e d s t a t e which is e s s e n t i a l l y a s c a t t e r i n g s t a t e of lp@ a s t a t e of t h e r e s i d u a l nucleus. (p,2p) r e a c t i o n s involve t h e nucleus (A+l), and t h e e x c i t e d s t a t e has two nucleons i n t h e continuum.
